Background Rotating-hinge total knee prostheses may be used for the treatment of global instability about the knee. The designs of previous generations were associated with suboptimal outcomes. Questions/purposes We evaluated the clinical and radiographic outcomes of salvage knee reconstructions using modern-generation, modular, kinematic rotating-hinge total knee prostheses. Methods We retrospectively reviewed 26 rotating-hinge arthroplasty devices to examine whether acceptable results were obtainable using a single arthroplasty design. The average age of the patients was 77 years (SD, 9 years); the minimum followup was 24 months (mean, 46 months; range, 24-107 months). The indication was revision surgery in 21 patients and complex primary surgery in five.
Introduction
A ligamentous deficiency in the knee can be related to a previous trauma, associated with severe varus-valgus deformities, or due to revision surgery associated with severe bone losses. This happens in the segmental type [9] , combined epiphyseal and cavitary patterns, and types of bone destruction in which large portions of distal femur or proximal tibia are missing, which may include collateral ligament attachment.
Competent and functional collateral ligaments are a prerequisite when performing a conventional TKA [16] . In cases of primary surgery for knees with severe deformities or in revision surgery in knees with substantial bone loss, standard condylar implants do not allow for proper stabilization of the joint, even when using models with constraint. Under these circumstances, condylar TKA designs will fail within a short period of time [22] .
Although attempts have been made to reconstruct the ligaments with grafts and reinsertion techniques, the results are poor and the failures caused by these techniques are difficult to solve [1] [2] [3] [4] [13] [14] [15] . Rotating-hinge total knee prostheses may be used for the treatment of global instability or severe bone loss around the knee. Hinged prostheses were first designed and used for knee reconstruction after the resection of neoplasms. Fixed-hinge TKAs implanted in the middle of the last century led to a high percentage of failures [12] . However, these models have been improved with modular designs and a wider availability of sizes and different rotational systems, thus reducing the risk of aseptic loosening. Older generations of rotating-hinge designs were associated with suboptimal outcomes [11, 18, 19] , but there have been improvements in the design of these prostheses in recent years, the most important of which are the ability of the implant to rotate and the introduction of metal wedge augmentation and modular fluted stems with variable offset, which improve the alignment and allow press-fit fixation [5-8, 20, 21, 23] .
Complete systems using these designs are now available for primary complex surgery or for revision surgery. These designs provide a more congruent articulation, leading to a decrease in wear and transmitted stress at the bone-implant interface. The rotating-hinge arthroplasty offers enough stability, allowing for an intrinsic rotation that simulates the biomechanical reply of a normal knee and diminishes the stress produced by an elevated constriction. In much of the literature on these models, this indication is described together with others already in place (Table 1) .
Previous reports of patient series treated by modern rotating-hinge prostheses are difficult to compare because several different types of prostheses were often used and followups were fairly short. In this report, we aimed to provide a more meaningful clinical and radiographic evaluation of 26 rotating-hinge arthroplasties performed in our institution using a single type of prosthesis for patients with instability or severe bone loss. We evaluated the functional outcome of the knees, the radiographic results, and the potential medical and orthopaedic complications.
Patients and Methods
In this retrospective case series, we selected the records of 26 patients (five men, 21 women), when the key reason for selection of the rotating-hinge prosthesis was collateral ligament deficiency. In all patients, the TKA implanted was the Stryker Rotating Hinge Prosthesis (Stryker Orthopaedics, Mahwah, NJ). Minimum followup was 24 months (mean, 46 months; range, 24-107 months). No patients were lost to followup.
From these records, we extracted data concerning the patients and the procedures, including demographics, previous deformities, bone loss, diagnosis, and duration of followup after TKA. The mean body mass index was 31 (range, 18-52). The average age of the patients was 77 years (SD, 9 years). The indication was revision surgery in 21 patients and complex primary surgery in five. In revision surgery, large portions of distal femur or proximal tibia are missing, including ligamentous deficiency (segmental bone loss type according to Huff and Sculco's simplified classification [9] ). Three patients showed medial ligamentous deficiency, another five presented lateral ligamentous deficiency, and both ligaments were missing in the rest. These five knees had used the same arthroplastic model with independent polyethylenes (Interax 1 prosthesis; Stryker), which failed due to dislocation and early wear ( Fig. 1 ). Of the five complex primary surgeries, two exhibited bone femoral loss (one medial and another lateral coupled with ligamentous deficiency). The other three knees featured a severe tibial deformity with lateral Differences between flexion and extension gaps not recoverable with conventional TKAs Last resort when the only viable alternative is a complex arthrodesis bone loss, medial ligamentous deficiency, and instability ( Fig. 2 ). In these five knees, the deformity ranged between 20°varus and 30°valgus. All procedures were performed through a medial parapatellar arthrotomy and under tourniquet control. We used tibial cementation in all knees and femoral cementation in 14 patients; in the rest, a noncemented femoral stem of differing diameter was used, allowing each femur to be press-fit, optimizing fixation. Antibiotic-impregnated cement containing gentamicin was used in all knees. Polyethylene inserts longer than 10 mm in height were used to resolve four cases, and structural bone allografts were used to resolve another two. Most of the bone defects (\ 1 cm) were resolved with cement, especially in older patients. In seven knees, metal tibial augments were used, and in six knees, metal femoral augments were used. Morselized bone allografts were not used. In three knees, it was necessary to reinforce the insertion of the extensor mechanism by placing two staples in the tibial insertion of the patellar tendon. These patients were casted in extension for 30 days after surgery. The postoperative management was similar for all patients and weightbearing with two crutches was allowed at 48 hours. Physical therapy was started after the seventh postoperative day whenever a 90°fl exion was not achieved. We assessed the clinical outcome using the Knee Society score (KSS), which was calculated before surgery and at the time of latest followup. Serial AP and lateral radiographs of the knee were reviewed in detail at the latest followup. The positions of the components were assessed by an orthopaedic surgeon (MASG) and were considered optimal if the tibiofemoral angle was within 3°of neutral alignment. Postoperative radiographs were also evaluated for signs of loosening and bone loss. The femur and tibia were divided into standard zones.
Changes in the KSS and ROM were evaluated via Student's t test, and the level of significance was set at p \ 0.05.
Results
Overall, the rotating-hinge arthroplasty resulted in improved knee functioning in this series of patients. Twenty-three patients were walking with one crutch and another three with two crutches at the last followup. The KSS improved (p \ 0.001) from a preoperative mean of 40 points (SD, 17.6 points) to a postoperative mean of 77 points (SD, 14.8 points); the functional score improved (p = 0.09) from 36 points (SD, 29.7 points) to 51 points (SD, 33.2 points). ROM improved (p = 0.03) from -15°( SD, 8.78°) before TKA to -10°(SD, 7.37°) after TKA. None of the patients' knee pain or function worsened.
In the radiographic analysis, nonprogressive radiolucent lines ([ 2 mm) were identified around the femoral and tibial platforms or stems in three knees. In the femoral stem, they were located in Zone 4 in two knees and in Zone 6 in one knee. In the tibial stem, they appeared in Zone 3 in two knees and in Zone 2 in one knee. These lines remained stable throughout the study period. No loosening or subsidence was observed. The positions of the components were considered optimal in all knees except one (58 varus) and the tibiofemoral angle was considered optimal in 22 knees. The mean limb alignment was 4.5°valgus (range, À5°to 7°valgus).
Medical complications included postoperative confusion (one patient), pulmonary embolus (one patient), urinary tract infection (two patients), and exacerbation of chronic renal failure (one patient).
Due to orthopaedic complications, three patients required revision surgery. One showed a supracondylar periprosthetic fracture treated by open reduction and internal fixation. The other two had periprosthetic infections treated with a two-stage resection arthroplasty and reimplantation in one patient and via incision and drainage in the other. Five patients showed complications related to the patella and extensor mechanism. In two patients, the patella showed a subluxation in full flexion of the knee, which was well tolerated by the patients. As for the other three, it was necessary to reinforce the patellar tendon in surgery.
Discussion
Rotating-hinge total knee prostheses may be used for the treatment of global instability about the knee. The designs of previous generations were associated with suboptimal outcomes. We evaluated the clinical and radiographic outcomes of salvage knee reconstructions performed using modern-generation, modular, kinematic rotating-hinge total knee prostheses.
Our study has some limitations. First, it is retrospective and noncontrolled. The relatively short duration of followup and the relatively small patient population sample are also limitations. The study combined two groups of patients, primary and revision surgery, and the radiographic evaluation was carried out by only one surgeon.
Our study has demonstrated rotating-hinge prostheses are a correct alternative for ligamentous deficiencies both in primary surgery and in severe types of bone loss in revision surgery. We obtained an improvement in function, pain, and ROM of the knee. No patient got worse compared with preoperative status, but the use of crutches was required in all cases. For three patients, walking was difficult and required two crutches.
Postoperative radiographs showed nonprogressive radiolucent lines in only three knees. No loosening or subsidence of prostheses was observed at followup. The positions of the components were considered optimal in all knees except one. The mean limb alignment was 4.5°valgus, which is an acceptable result in this type of arthroplasty.
In spite of the high mean age of the patients (near 80 years old), medical complications were not common. As for orthopaedic complications, we observed one supracondylar periprosthetic fracture and two infections. Another two patients showed a patellar subluxation in maximum flexion, which was well tolerated.
The clinical outcome of the rotating-hinge TKA has been evaluated in several studies, and the results and the frequency of complications have been heterogeneous ( Table 2) . Comparisons among rotating-hinge series are difficult because several different types of prostheses are involved and followups are still relatively short. The earliest generation of rotating-hinge devices achieved slightly better results than the original fixed-hinge implants, but long-term results were still disappointing.
Böhm and Holy [6] evaluated 422 consecutive primary TKAs using one specific design of hinged total knee prosthesis at a mean 6 years. The cumulative rates of survival at 20 years were from 86.8% to 96.0% depending on the end points, but because they were primary surgeries, their results cannot be compared with our series. Barrack [2] reported satisfying clinical results in a study of 23 modern-generation hinged TKAs evaluated at 2-to 9-year followup. The clinical results, ROM, and satisfaction were comparable to those of a standard condylar revision knee arthroplasty, despite the fact that the cases were more complex. Joshi and Navarro-Quilis [10] reviewed the results of 78 revision TKAs using a rotating-hinge device in patients requiring revision arthroplasty due to aseptic loosening. Fifty-seven patients showed excellent results, with a ROM of 104°in flexion and complete extension, better than our results. The seriousness of our cases can explain these differences in ROM. Pradhan et al. [17] conducted a retrospective study of 51 rotating-hinge prostheses in revision surgery with a maximum followup of 6 years. Reasons for revision were infection and aseptic loosening in 46 cases. There was a notable improvement in the pain, stability, ROM, and mobility of the patients. Postoperatively, 33 presented excellent or good results (better results in patients with aseptic loosening). Pour et al. [16] included in their study 44 knee arthroplasties using modern-generation kinematic rotating-hinge prostheses with a mean followup of 4.2 years. The prostheses provided substantial improvement in function and reduction in pain, but a relatively large number of complications and failures (periprosthetic infection in three knees, aseptic loosening in four, and a periprosthetic fracture in one) were encountered. The rate of prosthetic survival was 68.2% at 5 years with revision or reoperation as the end point. Our results at the same followup are similar, but we did not find any cases of aseptic loosening.
A few reports have highlighted the major complications that can arise when using these fully constrained prostheses. Springer et al. [21] recently reported on the early results of distal femoral arthroplasty for nonneoplastic limb salvage in a study of 26 knees and highlighted some of the major associated complications. In that report, the periprosthetic infection (five knees) was the main cause of failure. This complication is present in all series and it also appears in ours. Kester et al. [11] studied one type of device, which was removed because of implant loosening with pain, while two prostheses also produced a late infection. Radiographically, all the devices showed signs of progressive radiolucencies. A marked varus drift was observed in eight (67%) of the retrieved prostheses. Seventy-three percent of the polyethylene tibial stems exhibited extensive wear on the anterior and medial aspects of the articulating surface. That study pinpoints serious design flaws in one type of rotating-hinge prosthesis, but these results cannot be used to make comparisons with other designs, such as those in our series. Wang and Wang [22] describe two rotating-hinge prostheses that dislocated as a result of mechanical failure of the prosthetic component within 5 months of initial implantation. This is a complication of a specific model, like that of the previous work. Clinicians should be aware of this potential complication when selecting rotating-hinge prostheses for certain patients.
A rotating-hinge knee prosthesis should be considered a salvage device and should be used primarily for elderly and sedentary patients with complex knee problems. Our experience with only one model at medium-length followup allows us to recommend this solution for certain patients who lack any other surgical options. Not knowing longer-term results, we believe this salvage procedure should be reserved primarily for cases in which other models could not be implanted or whenever revision surgery techniques fail. Reconstruction with a rotating-hinge total knee prosthesis can provide substantial improvement in function and a reduction in pain in knees with ligamentous deficiency. This procedure can be considered the reconstruction of last resort in the presence of a ligamentous instability (primary, traumatic, in revision surgery, or because of a tumor) which is unlikely to be controlled with other methods.
